A culture medium is described which not only differentiates Shigella from Escherichia coli but also serves as the basis for an extremely simple test which specifically identifies E. coli. A test that will identify an organism as E. coli is more useful than one that merely groups this species with other non-Shigella organisms. The theoretical basis for specificity of the test for E. coli and other uses for the medium are discussed.
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Citrate Mannitol Agar development resulted from the chance observation that, in mineral salts medium with a growth-limiting amount of fermentable sugar, Escherichia coli isolates produced alkaline reactions from citrate.
Gilvarg and Davis showed the importance of the citric acid cycle in E. coli (2) . It was demonstrated that E. coli and some other organisms are unable to oxidize components of the citric acid cycle because of inability to transport them into the cell (3 The ingredients were dissolved in distilled water with magnesium sulfate and potassium phosphate dissolved separately in small amounts of water before addition. This avoided formation of an insoluble magnesium phosphate precipitate. Stock solutions of the indicator dyes were dissolved in 0.01 N NaOH at concentrations of 4 mg/ml for bromothymol blue and 2 mg/ml for cresol red. The medium was boiled to dissolve the agar and tubed in amounts sufficient to make 1.5-inch (3.8 cm) butts and 3-inch (7.6 cm) slants. Tubes were autoclaved for 10 min at a pressure of 15 psi and were slanted. A small loop needle of inoculum from Triple Sugar Iron Agar slants with a Shigella-like appearance was routinely used to stab the butts and streak the slants of citrate mannitol medium and, without flaming, to streak the slant of a tube of Simmons Citrate Agar. It is essential that cultures be incubated with loose caps to produce an alkaline reaction. pH reversal began to turn the slant alkaline. A blue color, indicating an alkaline reaction, would almost always develop first at the junction at the butt and slant, generally within 24 hr. The alkaline reaction would gradually spread to the tip of the slant. If the citrate was omitted from the medium, the alkaline reaction did not occur. A total of 3 or more days were required before the entire slant became alkaline. However, E. coli could be diagnosed approximately 90% of the time within 24 hr. At this time, pH reversal had usually begun at the butt-slant junction. Invariably, once pH reversal began in this area, the entire slant would eventually become alkaline. The difference in appearance between E. coli growth on Citrate Mannitol Medium and any other member of the family was so characteristic that inoculation of a Simmons Citrate Agar slant was hardly necessary. However, the latter medium was routinely inoculated for confirmatory evidence that the isolate was E. coli.
With other citrate-positive groups in the family, the entire slant uniformly became alkaline on both Citrate Mannitol Agar and Simmons Citrate Agar. None of these organisms ever caused a pH reversal beginning at the junction and migrating to the tip of the slant on Citrate Mannitol Agar as did E. coli isolates. E. coli isolates did not produce an alkaline reaction on Simmons Citrate Agar.
Citrate Mannitol Agar combines both advantages of two culture media which have been helpful in elimination of E. coli paracolons from Shigella. First, the selective advantage of ammonia as the sole nitrogen source as with Ammonium Salts Glucose Agar is gained. Second Considerable experimentation showed that, with this concentration, surface growth was not affected, that citrate reversal by E. coli was more rapid, and that acid butts were produced faster with mannitol-fermenting organisms. These advantages are related to the low buffering capacity of the medium. The citrate concentration used was the smallest amount required to produce alkaline slants with citrate-using organisms, whether or not they attacked the mannitol. In addition to its differential uses within the family Enterobacteriaceae, the medium often has been of aid in identifying other organisms. Of a 50% sterile aqueous glucose solution, 0.15 ml is allowed to run down the tube opposite the slant before stabbing the butt and streaking the slant. This amount of glucose represents a 1 % concentration for a 7.5-ml volume of medium. During the incubation period, a concentration gradient of glucose occurs as this sugar diffuses from a high concentration at the junction into the slant and butt. Growth indicates ability to use ammonia as the sole nitrogen source. Glucose could, of course, be added to Simmons Citrate Agar in a similar manner; however, with this highly buffered medium, reactions are not sharply defined and are delayed considerably.
Fermentative organisms such as Aeromonas species produce a yellow butt with a positive citrate reaction on the upper half of the slant. Organisms that produce acid from glucose oxidatively (such as Pseudomonas aeruginosa and Herellea vaginicola) produce a yellow band at the junction with no change in the butt and a positive citrate reaction on the upper half of the slant. Organisms such as Alcaligenes denitrificans, which do not attack sugars, produce a positive citrate reaction with no acid production.
